In partially protected marine areas, such as recreational fishing havens (RFHs), fishery-independent surveys and recreational angler surveys represent two of the few available methods of collecting length-frequency data to monitor population responses to protection from commercial fishing and the impacts of ongoing recreational fishing. Although length data plays an important role in facilitating stock assessment and monitoring within RFHs, little is known about the relative magnitude and direction of size-selective biases introduced by fishery-independent surveys and angler surveys. This study quantitatively compared length data derived from the two methods for three exploited species or taxa (bream species complex of Acanthopagrus spp. [hybrid complex of Black Bream A. butcheri × Yellowfin Bream A. australis], Dusky Flathead Platycephalus fuscus, and Sand Whiting Sillago ciliata) sampled from two estuarine RFHs in Australia. When all lengths sampled by each method were compared, the species-specific length frequencies derived from angler surveys and fishery-independent surveys differed significantly in all cases but for Dusky Flathead from one RFH. Following standardization for minimum-legal-length restrictions, the angler survey method captured a more representative spectrum of lengths for Acanthopagrus spp. For Dusky Flathead, angler surveys and fishery-independent surveys performed equally in terms of the lengths captured. Although length frequencies for Sand Whiting above minimum legal length differed significantly between the methods in both RFHs, spatial inconsistencies precluded a clear conclusion for this species. The fact that neither method consistently outperformed the other across all species supports the idea that using both angler surveys and fishery-independent surveys in a complimentary manner may enable a clearer understanding of size compositions across multiple species for monitoring and stock assessment purposes and thereby facilitate an ecosystem-based approach to fishery assessment and management.
Compared to other empirical methodologies (e.g., agebased techniques), length-based techniques are also often less laborious and expensive and can be less susceptible to random and systematic biases (Liu et al. 1989; Campana 2001; Ochwada et al. 2008) . The theoretical and practical rationales for the continued use of length-frequency data in fisheries monitoring and stock assessment are therefore well recognized (Pauly and Morgan 1987; Isaac 1990) .
The most widely available sources of length-frequency information are data obtained from commercial fisheries and to a lesser extent recreational fisheries (Pauly and Morgan 1987; Hilborn and Walters 1992) . Within areas such as sanctuary zones in marine parks, however, total restrictions to fishing preclude procurement of lengthfrequency information from fisheries and data collection relies entirely on fishery-independent sampling techniques, such as underwater videography, aerial imagery, underwater visual census, or experimental fishing (Lipej et al. 2003; Willis et al. 2003; Murphy and Jenkins 2010; Bacheler et al. 2013; Ochwada-Doyle et al. 2016) . In partially protected marine areas, where closures only prohibit commercial fishing, fishery-dependent length data may also be obtained from recreational harvests. Fishery-independent techniques and those that rely on recreational data each have the potential to be size selective due, respectively, to the sampling gears used (Murphy and Jenkins 2010) or the retention of fish above a minimum legal length (MLL) and angler behavior (Pollock et al. 1994 ). In the specific context of partially protected marine areas, it therefore becomes important to understand the relative magnitude and direction of the methodological biases that may be introduced by these sampling techniques with respect to under-or overrepresentation of particular length-classes. This understanding can enable the development of a framework for identifying situations in which fishery-independent length data should be used in favor of length data based on recreational harvests or vice versa (Murphy and Jenkins 2010) , thereby facilitating the customization of monitoring techniques to the specific needs of an individual partially protected area (Huntington and Watson 2017) . Alternatively, information from this type of study may point to the need for a complimentary approach that employs both sampling methodologies within partially protected areas.
The coast of New South Wales, eastern Australia, presents a rare opportunity for the development of such a framework for key exploited estuarine populations. Within this region, 27% of estuarine waters are partially protected areas classed as recreational fishing havens (RFHs) (Steffe et al. 2005b; Ochwada-Doyle et al. 2014a ). The RFHs are broadly defined as geographic areas within multisector fisheries where commercial fishing is excluded but recreational fishing is still permitted (Tobin and Sutton 2011; Ochwada-Doyle et al. 2014b ). The need for assessment of fish stocks in estuarine RFHs has been widely acknowledged (Tobin and Sutton 2011; Ochwada-Doyle et al. 2014a , 2014b due to a desire to monitor population responses to the exclusion of commercial fisheries. The potentially diminishing effect that recreational fishing, alone, can have on the abundance and size structure of key fish stocks (Westera et al. 2003; Coleman et al. 2004; Denny and Babcock 2004; Ihde et al. 2011) creates an additional need for robust population assessment in RFHs to enable conservation and management. Although this assessment process relies on an accurate understanding of the of the length-classes actually present in estuarine RFHs for any given species, the sampling techniques that can provide the most reliable and representative length data in these systems are yet to be determined empirically.
This study therefore aimed to compare length frequencies derived from fishery-independent methods and recreational fishery-dependent methods, which were carried out simultaneously in two representative RFHs in New South Wales. The fishery-independent methods considered in the current study involved experimental fishing surveys that employed multimesh gill nets within the constraints of a scientific sampling design (Rotherham et al. 2007; Murphy and Jenkins 2010) . The recreational fishery-dependent methods relied on on-site, interview-based angler surveys that were also carried out according to a structured scientific design (Pollock et al. 1994; Hartill et al. 2012; Ochwada-Doyle et al. 2014b ). The fishery-independent survey methods were presumed to be less selective in terms of size based on previous testing and the subsequent development of a specified configuration of sampling gears which aimed to sample a variety of size-classes (see Rotherham et al. 2007 Rotherham et al. , 2008 for details). The fishery-independent survey method was subsequently assumed to be capable of sampling a broader spread of lengths, and the alternative hypothesis therefore tested was that the length frequencies derived from fishery-independent surveys and angler surveys would be significantly different if the lengths of all fish retained by each method were compared. Since adherence to MLL restrictions was only expected to truncate the lower end of the length frequencies derived from the angler surveys and not that of fish caught using the fishery-independent survey methods, we also predicted that comparing the methods in terms of fish sized above the MLL would not yield significant differences.
The study focused on the length frequencies of three species or taxa: a bream species complex of Acanthopagrus spp. (hybrid complex of Black Bream A. butcheri × Yellowfin Bream A. australis), Dusky Flathead Platycephalus fuscus, and Sand Whiting Sillago ciliata. These species are highly sought after by the recreational sector of New South Wales and are among the main taxa captured in the region's recreational estuarine fisheries (Henry and Lyle 2003; Ghosn et al. 2010; Gray et al. 2011; Ochwada-Doyle et al. 2014b; West et al. 2016) . Their stocks may subsequently be severely impacted by recreational exploitation within RFHs, creating the need for representative length data to contribute towards robust assessment of the status of their populations within these systems. Evaluating changes in population size structure within estuarine RFHs using representative length data is also integral to assessing the benefits of implementing RFHs. More broadly, the findings of this study could be a starting point to understanding the relative utility of length-frequency data derived from fishery-independent and recreational fishery-dependent methods in stock assessments of the above key recreational species throughout their coastal geographic range in Australia, including areas outside RFHs.
METHODS
Study site.-The two RFHs examined in this study were Lake Macquarie and St Georges Basin (Figure 1 ), both of which have been closed to commercial fishing since 2002 (Ochwada-Doyle et al. 2014a) . They are each classified as "wave-dominated" estuaries that predominantly rely on wind-induced waves for transport and possess narrow entrances that restrict marine flushing via tidal cycles (Roy et al. 2001) . Lake Macquarie has a surface area of 114.10 km 2 , a catchment area of 604.40 km 2 , and an average depth of 5.70 m (New South Wales Office of Environment and Heritage 2011). St Georges Basin has a surface area of 40.90 km 2 , a catchment area of 315.80 km 2 , and an average depth of 5.30 m (New South Wales Office of Environment and Heritage 2011). The data examined in this study was limited to that collected from the open southern lake zone of Lake Macquarie and the open lake zone of St Georges Basin ( Figure 1 ) and excluded any data collected on artificial reefs.
Fishery independent surveys.-The fishery-independent surveys were undertaken from March to May, 2011. These surveys were completed at night. Nighttime sampling using the independent survey techniques employed here has been shown to avoid interactions with wildlife (Gray et al. 2005 ) and maximize catches due to reduced net visibility and increased fish activity (Vasek et al. 2009 ). A total of 12 nights (4 nights/month) were randomly selected (without replacement) for each RFH as sampling nights FIGURE 1. Relative location and size of two Australian recreational fishing havens in New South Wales (NSW), Lake Macquarie and St Georges Basin, examined to compare length frequencies of key fish species that were sampled using fishery-independent survey methods and angler survey methods.
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OCHWADA-DOYLE AND JOHNSON for the fishery-independent survey. The order in which each estuary was sampled within each month was selected at random.
Within the southern lake zone of Lake Macquarie and the lake zone of St Georges Basin, four randomly selected sites separated by one to several kilometers were sampled with multimesh gill nets. Each multimesh gill net consisted of seven 20-m panels of different mesh sizes (36, 44, 54, 63, 76, 89 , and 102 mm) arranged in a random order (see Gray et al. 2009 ). On each night of sampling, three replicate multimesh gill nets (each separated by 50-100 m) were soaked for 1 h at dusk in both shallow (<2 m) and deep (4-6 m) strata. Catches in each replicate multimesh gill net were identified and counted and the sizes of economically important finfish were recorded in terms of fork length (FL) measured to the nearest 0.5 cm. During April, only total length (TL) was measured to the nearest 0.5 cm for fish sampled by the fishery-independent surveys and these measurements were converted to FL using well-established and temporally calibrated species-specific formulas ; New South Wales Department of Primary Industries Commercial Catch Records). Fishery-independent sampling using beam trawls was also trialed at the same sites during the study, but the number of fish sampled by this gear type from each species considered was very low (≤30). Beam-trawl samples were therefore omitted from the analyses.
On-site angler surveys.-The temporal sampling frame of the on-site angler surveys was from March to May, 2011. This period was stratified into two day-types (weekday and weekend days), and three days of each day-type within each month were randomly selected (without replacement) as survey days on which data on recreational harvest would be collected (total 18 d/RFH selected independently). In St Georges Basin the surveys took place between sunrise and sunset. In Lake Macquarie the survey was restricted to between 0900 hours and sunset because this estuary was much larger and therefore more expensive to sample (see Ochwada-Doyle et al. 2014b) . As is typically the case for on-site angler surveys, it was necessary to carry out the angler survey methods described here during the day to ensure the occupational health and safety of survey staff (Pollock et al. 1994; Smallwood et al. 2011) . Daytime sampling using the angler survey methods employed here is also more likely to maximize the number of fish sampled across all species since previous work suggests that the majority of recreational fishing trips and catches occur during the day (West and Gordon 1994; Steffe et al. 2005b ). The diurnal difference in sampling times between the fishery-independent survey and the angler surveys was not considered an issue for the present study as we wished to compare the ability of each method to sample length frequencies when used under "typical" conditions encountered by fisheries researchers (see Harvey et al. 2012) .
The recreational fisheries within Lake Macquarie and St Georges Basin include a boat-and shore-based sector, but only data collected from the boat-based sector was examined in this study as the number of fish sampled for measurement from the shore-based sector operating in the zones considered here was relatively low (≤30 fish) for some species within each RFH. The areas sampled in this study were accessible to the boat-based sector from a number of access points (mainly boat ramps). In St Georges Basin, a trained surveyor was stationed at each of the boat-based access points on each day selected for collection of interview data. This access-point survey design enabled staff to interview all returning boat-based fishing parties who were willing to be interviewed and used standardized, machine-readable interview forms. Although interviewing staff could be stationed at each major boat-based access point (these were generally larger and able to accommodate high boating traffic) in Lake Macquarie, minor boat-based access points were numerous and it was not cost-effective to station staff at each of them. Two minor access points were therefore randomly selected as points at which to station staff, with the selection process being renewed for each survey day (Pollock et al. 1994) . The same forms as those described for St Georges Basin were used to interview returning boat-based fishing parties in Lake Macquarie. For each party, the numbers and size (in terms of FL measured to the nearest 1 cm) of all fish retained as harvest by fishing parties were inspected by interviewing staff and recorded on the interview forms. The angler survey methods described here have also been partly described in Ochwada-Doyle et al. (2014a , 2014b .
Statistical analyses.-All analyses described here were conducted using the open-source software R (Ihaka and Gentleman 1996) . For each species, two subsets of length data were statistically compared among methods for each RFH. The first subset was comprised of data across the entire range of lengths sampled using the angler surveys and the fishery-independent surveys. The second subset was comprised of length data collected using each method that was greater than or equal to the MLL of each species.
For each species, separate length-frequency histograms were generated for each method in each RFH, and the data was statistically compared among methods independently for each species and each RFH. For each subset of data, box plots were plotted for each species to determine whether differences in median lengths existed between the sampling methods. The box plots included notches that represented 1.5 × (interquartile range of FL/square root of n). If the notches for the two methods did not overlap, this was taken as strong evidence that the compared medians differed, independent of assumptions of normality and MONITORING POPULATIONS IN PARTIALLY PROTECTED MARINE AREAS homogeneity of variances (McGill et al. 1978; Chambers et al. 1983 ). Kolmogorov-Smirnov (KS) tests and kernel density estimate (KDE) tests were also used to compare the species-specific probability densities of lengths derived by each method for each subset of data. These two statistical tests are sensitive to differences in both the shape and location of length-frequency distributions (Sokal and Rohlf 1995; Langlois et al. 2012) . The two-sample KS tests (α = 0.05) tested the null hypothesis that the speciesspecific length frequencies derived from the angler surveys and the fishery-independent surveys in each RFH were drawn from the same cumulative distribution (Sokal and Rohlf 1995; Marsaglia et al. 2003) . Since traditional KS tests are only valid for continuous cumulative distribution functions and some of the length-frequency distributions examined here were not entirely continuous (Marsaglia et al. 2003) , we executed a bootstrap version of the KS test that used Monte Carlo simulations (1,000 simulations) and provided correct coverage when the distributions compared were not entirely continuous and consequently allowed for ties (Sekhon 2011; Langlois et al. 2012 ). The KDE tests generally provide an alternative data-driven method for generating probability density functions from length-frequency data that is not reliant on histograms with arbitrarily chosen bin sizes (Sheather and Jones 1991; Langlois et al. 2012) . Global KDE tests (α = 0.05) were performed here to test the null hypothesis that species-specific density functions based on the length frequencies derived from each sampling method were equivalent (Duong et al. 2012) . In univariate situations such as this, where assumptions are not made about the nature of the distribution being estimated, it is appropriate to use plugin, data-driven bandwidth selectors when estimating the mean integrated squared error criterion during kernel density estimation (Sheather and Jones 1991; Duong 2007; Langlois et al. 2012) . Bandwidths were therefore estimated using the univariate plug-in selector of Wand and Jones (1994) . Since the significance tests provided by both the KS and KDE methods only tested for overall (global) differences in length frequencies between methods, we generated graphical representations of the relative probability densities of lengths for each species in each RFH to infer which regions of the length frequencies may have been responsible for any detected overall differences.
RESULTS

Comparison of Methods across Entire Range of Lengths Sampled
The entire range of lengths of Acanthopagrus spp. sampled by the angler survey methods from St Georges Basin and Lake Macquarie were 20-53 cm FL and 20-45 cm FL, respectively. The ranges sampled by the fishery-independent methods from St Georges Basin and Lake Macquarie were 7-39 cm FL and 10-34 cm FL, respectively. The mean and median lengths of Acanthopagrus spp. sampled from both St Georges Basin and Lake Macquarie using the angler survey methods was greater than that of fish sampled using the fishery-independent survey methods (Figures 2-4) , indicating an overall bias towards smaller fish by the latter method. Accordingly, both the KS and the KDE tests for Acanthopagrus spp. sampled in each RFH detected significant differences between the methods in terms of the length-frequency data (Table 1; Figure 5 ).
For Dusky Flathead, the entire range of lengths sampled by the angler survey methods from St Georges Basin and Lake Macquarie were 26-93 cm FL and 32-89 cm FL, respectively. The lengths sampled by the fishery-independent methods from St Georges Basin and Lake Macquarie were 25-92 cm FL and 20-85 cm FL, respectively (Figures 3, 4) . The mean and median lengths of Dusky Flathead sampled from both St Georges Basin and Lake Macquarie were similar among the methods (Figures 2-4 ). Both the KS and the KDE tests for Dusky Flathead sampled from St Georges Basin detected significant differences between the methods in terms of the length-frequency data, while the tests for fish sampled from Lake Macquarie did not detect any differences (Table 1; Figure 5 ).
The lengths of all Sand Whiting sampled by the angler survey methods from St Georges Basin and Lake Macquarie were 20-43 cm FL and 20-40 cm FL, respectively. The ranges sampled by the fishery-independent methods from St Georges Basin and Lake Macquarie were 12-40 cm FL and 17-40 cm FL, respectively (Figures 3, 4) . The mean length of Sand Whiting sampled from St Georges Basin by the angler surveys and the fishery-independent surveys were similar, but the fishery-independent survey median length was higher than the median observed for the angler surveys samples (Figure 2-4) . In contrast, both the mean and median lengths of Sand Whiting sampled from Lake Macquarie by the angler surveys were smaller than those of fish sampled by the fishery-independent survey (Figure 2-4) , indicating an overall bias towards smaller fish by the former method. Both the KS and the KDE tests for Sand Whiting sampled in each RFH detected significant differences between the methods in terms of the length-frequency data (Table 1; Figure 5 ).
Comparison of Methods for Fish ≥ MLL
For Acanthopagrus spp. that were longer than the MLL, the mean length of fish from both St Georges Basin and Lake Macquarie was similar among survey methods (Table 2) . However, the median length of fish sampled from each RFH using the angler survey methods was greater than that sampled using the fishery-independent survey methods ( Figure 6 ). Both the KS and the KDE 458 OCHWADA-DOYLE AND JOHNSON FIGURE 2. Box plots of the median fork lengths of key fish species (Acanthopagrus spp., Dusky Flathead, and Sand Whiting) sampled using angler survey methods and fishery-independent survey methods from St Georges Basin and Lake Macquarie, Australia, based on the entire range of lengths sampled by each method. The notches on the box plots represents 1.5 × (interquartile range of FL/square root of n).
MONITORING POPULATIONS IN PARTIALLY PROTECTED MARINE AREAS 459 FIGURE 3. Length-frequency distribution of key fish species (Acanthopagrus spp., Dusky Flathead, and Sand Whiting) sampled using angler survey methods and fishery-independent survey methods from St Georges Basin, Australia, based on the entire range of lengths sampled by each method.
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OCHWADA-DOYLE AND JOHNSON tests for Acanthopagrus spp. sampled in St Georges Basin detected significant differences between the methods in terms of the length-frequency data, but a significant difference was only detected using the KS test for fish sampled from Lake Macquarie (Table 3 ; Figure 7) .
The mean and median lengths of Dusky Flathead longer than the MLL that were sampled from both St Georges Basin and Lake Macquarie were similar among the methods (Table 2; Figure 6 ). Both the KS and the KDE tests for Dusky Flathead sampled from each RFH failed to detect significant differences between the methods in terms of the length-frequency data (Table 3; Figure 7) .
For Sand Whiting that were longer than the MLL, the mean length of fish from both St Georges Basin and Lake Macquarie was similar among survey methods (Table 2) . Median lengths for fish sampled from St Georges Basin were also similar among methods. However, the median length of fish sampled from Lake Macquarie using the angler surveys was smaller than that of fish sampled using the fishery-independent surveys (Figure 6 ). Both the KS and the KDE tests for Sand Whiting sampled in each RFH detected significant differences between the methods in terms of the length-frequency data (Table 3; Figure 7 ).
DISCUSSION
When used in isolation to collect length data, each of the recreational angler survey and fishery-independent survey methods are assumed to introduce size-selective biases that can in turn bias any parameters derived for stock assessment purposes (Hamley 1975; Pollock et al. 1994; Goodyear 1995; Rotherham et al. 2008; Murphy and Jenkins 2010) . Up until now, however, the relative magnitude and direction of such biases have been poorly understood. This novel study provides empirical evidence of differential size selectivity by angler surveys and fisheryindependent surveys for key species exploited in eastern Australian estuaries and offers some insight into the degree and direction of this selectivity.
Comparison of Methods across Entire Range of Lengths Sampled
The alternative hypothesis that species-specific length frequencies derived from angler surveys and fisheryindependent surveys would differ significantly when all lengths sampled were compared was supported in all cases apart from Dusky Flathead caught in Lake Macquarie. It was proposed that this difference would mainly be attributable to the dispersion of lengths sampled by the fisheryindependent surveys extending further into the lower length-classes due to this method's reliance on gear configurations aimed at sampling a variety of size-classes (Rotherham et al. 2007 (Rotherham et al. , 2008 and its assumed capacity to retain fish below the MLL. The angler survey methodology was obviously expected to preclude this capacity, resulting in truncation at the lower end of the angler survey length frequencies (Pollock et al. 1994; Murphy and Jenkins 2010) . The length data from the fishery-independent surveys was generally more dispersed than angler survey data in all cases where a statistical difference was detected. For these cases, examination of the position of the 5th percentile for data sampled across all lengthclasses (Table 4 ) provided empirical evidence that the fishery-independent survey data did indeed spread further into the lower length-classes than the angler surveys data.
For Acanthopagrus spp. caught in both RFHs, the higher 95th percentile observed for the angler survey data sampled across all lengths (Table 4 ) suggests that this method predominantly caught larger Acanthopagrus spp. than the fishery-independent surveys, consistently resulting in a higher median length for angler survey samples. Although recreational anglers are not anecdotally known to be size selective when targeting Acanthopagrus spp. greater than the MLL (J. Hughes, New South Wales Department of Primary Industry and Environment, personal communication), the difference observed among the two methods for this taxon may have been partly due to recreational anglers "high-grading" and only retaining larger Acanthopagrus spp. as bag limits were approached or exceeded during fishing trips. This is possible given that the current raw data from the angler surveys suggested that bag limits for Acanthopagrus spp. were reached in as many as 34% and 20% of fishing trips surveyed in Lake . Relative probability densities of lengths of key fish species (Acanthopagrus spp., Dusky Flathead, and Sand Whiting) sampled using angler survey methods or fishery-independent survey methods in St Georges Basin and Lake Macquarie, Australia, based on the entire range of lengths sampled by each method.
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Macquarie and in St Georges Basin, respectively. Another factor that may have contributed to the difference between methods observed for Acanthopagrus spp. is a size selectivity that fishery-independent survey gill-net gears uniquely display when used to capture species with high body depths. Acanthopagrus spp. possess this morphological characteristic resulting in a narrower size-selection range for them when targeted by gill nets (Petrakis and Stergiou 1995; Broadhurst 2003) . The selection range can be particularly truncated at the upper end of the length spectrum for such species if large mesh sizes are not used because, as illustrated by Broadhurst (2003) , such gear configurations can lower the likelihood of capturing Acanthopagrus spp. that are greater than 28 cm to less than 20%. The largest mesh size used in the current fishery-independent survey was 102 mm and probably had a reduced capacity of effectively capturing large Acanthopagrus spp. The small number of large Acanthopagrus spp. observed in the current fishery-independent survey samples may have been the result of a secondary means of capture (i.e., entanglement), which usually accounts for a small percentage of the total catch from gill nets. The resulting overall upward shifts that were observed in the spread and location (median) of the length frequencies of Acanthopagrus spp. from angler surveys, as well as the truncating effect that the recreational MLL restrictions had on the lower end of these frequencies, are all reflected in the relative probability density plots. These features likely worked simultaneously to cause divergence between the methods leading to the statistical heterogeneity detected for Acanthopagrus spp. The maximum sizes reported here for recreationally caught Acanthopagrus spp. are similar to those previously reported for recreationally caught fish in Lake Macquarie and other New South Wales estuaries (Steffe and Chapman 2003; Steffe et al. 2005a; Ghosn et al. 2010) , and the size ranges caught using fishery-independent surveys here were also similar to those of Acanthopagrus spp. previously caught in St Georges Basin and Lake Macquarie using fishery-independent surveys (Rotherham et al. 2008; Gray et al. 2009 ).
Although the Sand Whiting length frequencies sampled by fishery-independent surveys and angler surveys were statistically different in both RFHs, the differentiating characteristics for the distributions sampled by each method were not always consistent between RFHs (Table  4 ). While there were spatial differences in the relative positions of the 95th percentiles and relative overall distributional skew among the sampling methods, the median FL of Sand Whiting sampled using fishery-independent surveys was higher than that of angler survey samples in both Lake Macquarie and St Georges Basin. This suggests that fishery-independent surveys had a greater capacity to sample larger Sand Whiting. Unlike the pattern observed for Acanthopagrus spp., the size of fishery-independent survey mesh used here may have been more capable of capturing large Sand Whiting due to this species lower body depth (Petrakis and Stergiou 1995; Broadhurst 2003) . Furthermore, Rudstam et al. (1984) suggested that the probability of a fish encountering gill nets such as those used in the fishery-independent surveys is directly proportional to the size of fish, owing to the greater distances that larger fish generally travel. This theory is somewhat supported by the fishery-independent survey data presented here for Sand Whiting from Lake Macquarie, which also display a higher 95th percentile compared with fish captured using angler survey methodology. Accordingly, differences in dispersion and location are evident among the methods in the relative probability density plots. These differences likely contributed to the statistical heterogeneity detected between the methods for Sand Whiting for both RFHs.
The maximum sizes reported here for recreationally caught Sand Whiting are similar to those previously reported for angler-caught fish in Lake Macquarie and other New South Wales estuaries (Steffe and Chapman 2003; Steffe et al. 2005a ). The range of sizes reported here for Sand Whiting captured using fishery-independent surveys were also similar to those previously reported for fish caught in St Georges Basin and elsewhere in New South Wales using fishery-independent survey methods (Rotherham et al. 2006; Gray et al. 2009 ). For Dusky Flathead sampled from St Georges Basin, the slightly higher 95th percentile observed in the fisheryindependent survey data sampled across all lengths (Table  4) suggests that fishery-independent surveys caught slightly larger fish than angler surveys. The subsequent difference in dispersion at the higher end of the length spectrum was likely the dominant driver of the statistical heterogeneity detected for Dusky Flathead from this RFH. One FIGURE 6. Box plots of the median fork lengths of key fish species (Acanthopagrus spp., Dusky Flathead, and Sand Whiting) sampled using angler survey methods and fishery-independent survey methods from St Georges Basin and Lake Macquarie, Australia, based on lengths that were above the minimum legal length of each species. The notches on the box plots represents 1.5 × (interquartile range of FL/square root of n).
MONITORING POPULATIONS IN PARTIALLY PROTECTED MARINE AREAS 465 methodological factor that may have contributed to this pattern of difference is the existence of slot limits for recreationally caught Dusky Flathead in New South Wales. Slot limits are a tool used to conserve fish stocks by ensuring that only fish within a specified size range are retained by anglers. In the case of Dusky Flathead in New South Wales, anglers are not permitted to retain any fish <36 cm TL and are only allowed to retain one fish that is >70 cm TL. This means that relative to fishery-independent survey methods, angler survey methods may select against catching large Dusky Flathead in significant numbers. Accordingly, only 7.8% and 1.7% of the angler survey interviews reporting Dusky Flathead in their catch recorded Dusky Flathead that were greater than 70 cm in length for Lake Macquarie and St Georges Basin, respectively.
It should be noted that although the sizes reported here for recreationally caught Dusky Flathead were similar to those previously reported for fish caught in Lake Macquarie (Steffe and Chapman 2003; Steffe et al. 2005a) , the maximum sizes for Dusky Flathead caught using fisheryindependent survey methods here were considerably higher than those reported for Dusky Flathead captured from St Georges Basin using the same methods in a previous study (Rotherham et al. 2008) .
Comparison of Methods for ≥MLL
The null hypothesis that the length-frequency distributions of fish sized above the MLL would not be statistically different between the angler survey and fishery-independent survey data was falsified for all species except Dusky Flathead in the current analyses. In the majority of cases, truncation at the MLL of the data sampled using each method obviously standardized the 5th percentile among the two methods (Table 4 ). The statistical differences that were observed for Acanthopagrus spp. and Sand Whiting were therefore probably driven by differences between the methods around the median length and/or the 95th percentile of lengths (Table 4 ). For individuals from these species captured in St Georges Basin, the truncation of data at the MLL exaggerated the disparity in the 95th percentile of lengths between the methods. However, for Sand Whiting from St Georges Basin, eliminating the smallest fish also appeared to equalize the median lengths observed as well as the kurtosis of the density plots among methods. Overall our results suggest that, for Acanthopagrus spp. and Sand Whiting, methodological differences beyond MLL restrictions can introduce differences in the lengths captured by angler survey and fishery-independent survey methods and these differences mainly lie at the upper end of the length spectrum. Since the direction of differences observed in the relative values of the medians and 95th percentiles was not consistent among species and RFHs (Table 4 ), it is difficult to propose a single explanatory theory for the observed difference. Further species-specific experimental work is required to determine the exact causes of the differences observed in the distributional location and at the upper end of the lengths sampled by each method. However, at the temporal and spatial scales examined here, it is possible to conclude that using the angler survey method gives a more representative picture of the lengths that are present in populations of Acanthopagrus spp. once standardized for MLL restrictions through elimination of smaller fish. This is because the angler survey method was consistently able to capture a broader range of lengths when compared to the fishery-independent survey method. If this finding is replicated across greater spatial and temporal scales, growth parameters derived from length data sourced through angler surveys methods may prove more informative for stock assessments of Acanthopagrus spp. A clear conclusion of the same vain cannot be drawn for Sand Whiting due to spatial inconsistencies in the direction of difference in the current study.
In the case of Dusky Flathead greater than the MLL, the null hypothesis of no statistical difference in the length frequencies sampled using angler survey and fishery-independent survey methodologies was supported. In theory, length data from either method could therefore be used to derive equally representative growth parameters in the RFHs examined here, and the choice of which of the two methods should be used may come down to which is the more cost-effective and practical method. A recently published comparison of the relative costs of the two methods suggests that the daily cost of conducting angler survey methods in estuaries is nearly 2.5 times higher than the . Coupled with the previously discussed theory that fishery-independent surveys may be more effective at capturing length data for large (≥70 cm) Dusky Flathead due to the absence of slot limits such as those imposed on the New South Wales recreational sector, the relative cost efficiency of fishery-independent surveys would make them a more practical method for sampling Dusky Flathead for the purpose of stock assessments in estuarine RFHs. The choice between angler survey and fishery-independent survey methods for gathering Dusky Flathead length data would also depend on the nature of the assessment. For stock assessments that require an understanding of the species' recreational catch rate, for example, angler surveys may be the only option.
Conclusion
This study represents the first comprehensive, statistical comparison of length-frequency data derived from recreational angler survey and fishery-independent survey methods in the published literature (but see Appendix 4 of Gray et al. 2015) . It provides empirical evidence of differential size selectivity by angler survey and fishery-independent survey methods for some key estuarine species. Following standardization for MLL restrictions and at the spatiotemporal scales examined here, the results show that the angler survey method is able to capture a more representative spectrum of lengths for Acanthopagrus spp. when compared with the fishery-independent survey methods. For Dusky Flathead, the two methods appeared to perform equally in terms of the length-classes captured. Spatial inconsistencies TABLE 4. Summary of the general relative characteristics of length-frequency distributions of Acanthopagrus spp., Dusky Flathead, and Sand Whiting sampled using angler survey (AS) and fishery-independent survey (FIS) methods from St Georges Basin and Lake Macquarie based on box plots and relative probability density distributions of the compared data sets. The characteristics considered are the relative location of the medians, dispersion, and skewness. Note that the relative characteristics are not summarized when statistically significant differences among compared distributions were not detected. in our results precluded a clear conclusion for Sand Whiting. The overall results indicate that length data derived from angler surveys and fishery-independent surveys have the potential to contribute to stock assessments for the specific species outlined above within protected estuarine areas where commercial fishing is prohibited. For example, length data sampled using angler surveys for Acanthopagrus spp. and length data sampled using either angler surveys or fishery-independent surveys for Dusky Flathead could facilitate the estimation of mortality rates derived from lengthconverted catch curves or length-based virtual population analyses (Punt et al. 2013) . The fact that neither method consistently outperformed the other across all the species examined highlights the need for similar testing across a greater range of species. It also supports the important idea that using both angler surveys and fishery-independent surveys in a complimentary manner may enable a holistic understanding of size compositions across multiple species in an estuary. Such complimentary sampling would essentially promote an ecosystem-based approach to fisheries management, where the focus of research and management policies aiming to control levels of fishing pressure becomes the ecosystem rather than an individual target species (Cappo et al. 2004; Pikitch et al. 2004; Watson et al. 2005; Frid et al. 2006; Lowry et al. 2012) . The results also underscore the need to tailor monitoring techniques to individual marine protected areas and their unique management needs (Huntington and Watson 2017) .
Location and characteristics of distributions
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